A kind of tunable magnetic fluid grating is developed in this letter. The operating principle of the tunable magnetic fluid grating is analyzed theoretically. When the absorption coefficient modulation of the grating is not too large, the energy of the zeroth-order diffracted light can be transferred to that of the higher-order completely and vice versa. Experiments are done to investigate the tunable diffraction properties of the magnetic fluid grating, and the transfer of the energy of the zeroth-order diffracted light to that of the higher-order is apparent. 7, 15 In this letter, we will develop another kind of tunable MF grating, which can make the zeroth-and the higher-order diffracted light exchange energies.
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Grating can be classified into two kinds according to QЈ =2d / ͑n 0 ⌳ 2 cos ͒, where is the free-space wavelength of the incident light; n 0 , d, and ⌳ are the average refractive index, the thickness, and the period of the grating, respectively; and is the angle of incidence inside the medium. The grating can be regarded as thick grating when the condition QЈ ӷ 1 holds, whereas thin grating implies QЈ Ӷ 1. 16 In our experimental configuration, the incident light is normal to the grating surface, so QЈ = Q =2d / ͑n 0 ⌳ 2 ͒. For our grating structure, ⌳ =21 m, d ഛ 4 m, = 632.8 nm, and n 0 is about 1.52. Thus the maximum Q is about 0.02, which makes it more reasonable to use the diffraction theory for thin grating.
The mth-order diffraction efficiency m for a thin and mixed grating ͑i.e., spatial modulation of the refractive index and the absorption coefficient coexist͒ is given by 17, 18 
where A m and A i are the complex amplitudes of the mth-order diffracted light and the incident light, respectively; ␣ 0 is the average amplitude absorption coefficient of the grating; f͑t͒ and g͑t͒ are the shape functions of the refractive index and the absorption coefficient modulations of the grating, n 1 and ␣ 1 are the amplitudes of the corresponding modulations; i is the imaginary unit; t =2x / ⌳; and x is the coordinate in the grating vector direction as shown in Fig. 1 . As for our MF grating, the refractive index and the absorption coefficient modulations possess square shapes ͑see Figs. 1 and 3͒, and then
ͮ .
͑2͒
Substituting Eq. ͑2͒ into Eq. ͑1͒, we can know that the diffraction efficiencies m = 0 when m = even and m 0 ͑re-ferred as even ͒, and the zeroth-and the odd-order diffraction efficiencies ͑referred as 0 and odd ͒ are functions of ␣ 0 , ␣ 1 , n 1 , d, and . For the MF grating, d is a fixed constant, and then 0 and odd are functions of n 1 and ␣ 1 ͑␣ 0 = ␣ 1 for our MF grating, see later͒ at a certain wavelength. Thereby 0 and odd can be tuned by changing n 1 or ␣ 1 .
The refractive index profile of our MF grating is shown in Fig. 1͑a͒ and can be expressed by n = n p + ͑⌬n 0 + ⌬n H ͒ /2 + ͑⌬n 0 + ⌬n H ͒f͑t͒ / 2, where n p is the refractive index of the photoresist, ⌬n 0 = n MF,0 − n p is the refractive index difference between the photoresist and the MF at zero magnetic field, ⌬n H = n MF,H − n MF,0 is the refractive index increase of the MF when the external magnetic field is applied, n p + ͑⌬n + ⌬n H ͒ /2=͑n MF,H + n p ͒ /2=n 0 is the average refractive index of the MF grating, and ͑⌬n 0 + ⌬n H ͒ /2=͑n MF,H − n p ͒ /2=n 1 is the refractive index modulation amplitude of the grating.
The absorption coefficient of the photoresist ͑␣ p ͒ is very small, and is negligible in comparison to that of the MF, which is about 60/ cm −1 at zero magnetic field ͑␣ MF,0 ͒. 10 The absorption coefficient profile of the MF grating is shown in Fig. 1͑b͒ and can be expressed by ␣ = ͑⌬␣ 0 + ⌬␣ H ͒ /2+͑⌬␣ 0 + ⌬n H ͒g͑t͒ / 2, where ⌬␣ 0 = ␣ MF,0 is the absorption coefficient difference between the photoresist and the MF at zero magnetic field, ⌬␣ H = ␣ MF,H − ␣ MF,0 is the absorption coefficient increase of the MF when the external magnetic field is applied, ͑⌬␣ 0 + ⌬␣ H ͒ /2=␣ MF,H /2=␣ 0 = ␣ 1 is the average absorption coefficient or the absorption coefficient modulation amplitude of the MF gating.
The value of n MF,0 is measured to be 1.564 at 632.8 nm by the method developed by us recently, 19 and that of n p is about 1.47 provided by the manufacturer. The n MF,H can be continuously tuned by applying a magnetic field, and the tuning range depends on the concentration and thickness of the MF, and the strength of the applying magnetic field. 14, 20 In our experiment, the ␣ MF,H is measured to be smaller than 10 ␣ MF,0 , and then the average absorption coefficient or the absorption coefficient modulation amplitude of the MF grat- Figure 2 plots the zeroth-, first-, and third-order diffraction efficiencies ͑ 0 , 1 , 3 ͒ as functions of 2dn 1 / at different ␣ 1 d. It is evident from Fig. 2 that the energies of the zeroth-order and the higher-order diffracted light can be exchanged by tuning the refractive index modulation. From  Figs. 2͑a͒ and 2͑b͒ , we can see the absorption coefficient modulation has little influence on the diffraction properties of our MF grating. If ␣ 1 d is larger than 3, the diffraction efficiency of any diffracted light is almost invariable with 2dn 1 / . It is apparent from Fig. 2 that the energy of the zeroth-order diffracted light can be transferred to that of some higher-order one completely and vice versa, when ␣ 1 d is smaller than a certain critical value. Figure 3 shows the method used to fabricate the MF grating. Figure 4͑a͒ shows the comb-like photoresist MF grating spacer fabricated by the earlier-mentioned method and Fig. 4͑b͒ shows the corresponding MF grating. The schematic diagram of the experimental setup for investigating the tunable diffraction characteristics of the MF grating is shown in Fig. 5 . The strength of the magnetic field is adjusted by tuning the magnitude of the supply current. Figure 6 displays the diffraction patterns of the photoresist spacer and the MF grating with period of 21 m and thickness of 2 m at zero magnetic field. It can be seen from Fig. 6 that the relative diffraction efficiencies between the zeroth-and the higher-order diffracted light are changed when the MF is infused into the grooves between the photoresist stripes. Moreover, the relative diffraction efficiencies between them can be tuned by applying a magnetic field. This is shown in Fig. 7 for a MF grating with thickness of 4 m.
It is well-known that agglomerations will be formed within the MF when the applied magnetic field surpasses certain critical value, 2,4,5 which will scatter the light strongly.
Meanwhile, Fresnel reflections exist at the interfaces between the substrate/superstratum and the MF/photoresist ͑or air͒. Accordingly it is appropriate to use the ratio of the diffraction efficiency of the zeroth-order diffracted light to that of the higher-order to study the tunable diffraction efficiency quantitatively. Our measurements show that the ratio of the diffraction efficiency of the zeroth-order diffracted light to that of the first-order changes from 10.46 to 0.27 ͓corre-sponding to Figs. 7͑a͒ and 7͑d͒, respectively͔. In summary, we have analyzed the physical principle of the tunable MF grating theoretically and a method is developed to fabricate the MF grating. The tunable diffraction characteristics of the MF grating are investigated experimentally. 
